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Özet
Amaç
Endotoksemi sonrası kalp disfonksiyonu patojenezinde oksidatif ve nitrozatif 
stres önemlidir. Asimetrik dimetilarjinin, arjininin yerine geçerek nitrik oksit 
üretimini yarışmalı olarak inhibe eder. Kardiyovasküler vakaları öngörmede 
asimetrik dimetilarjinin ve inflamasyon arasındaki bağlantı yakın zamanda 
gösterilmiştir. Peroksinitrit nitrik oksit ve süperoksit arasındaki etkileşimden 
oluşan bir reaksiyon ürünüdür.
Gereç ve Yöntemler
Bu çalışmada endotoksemi (4 mg/kg, 6 saatte) sonrasında asimetrik dime-
tilarjinin ve L-arjinin seviyeleri ve peroksinitrit oluşumunun stabil ürünü olan 
3-nitrotirozin arasındaki ilişki araştırılmıştır. Asimetrik dimetilarjinin ve L-ar-
jinin floresan dedektör, 3-nitrotirozin ise elektrokimyasal dedektörlü yüksek 
basınçlı sıvı kromatografisi ile ölçülmüştür. 
Bulgular
Endotoksin verildikten sonra asimetrik dimetilarjinin ve L-arjinin seviyeler-
inde değişiklik olmadı ama 3-nitrotirozin seviyeleri istatiksel olarak anlamlı 
derecede (p<0.05) arttı.
Sonuç
4 mg/kg dozunda endotoksin verildikten 6 saat sonra alınan kalp dokularında 
asimetrik dimetilarjinin ve peroksinitrit üretimleri arasında bir korelasyon 
bulamadık.
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Abstract
Aim
Oxidative and nitrosative stress are important in the pathogenesis of heart 
dysfunction aster endotoxemia. Asymmetric dimethylarginine competitively 
inhibits nitric oxide production by displacing L-arginine. A link between 
asymmetric dimethylarginine and inflammation has been demonstrated 
recently in the prediction of cardiovascular events. Peroxynitrite is a reaction 
product formed by the interaction between nitric oxide and superoxide.
Material and Methods
In this study, the relationship between asymmetric dimethylarginine and 
L-arginine level and 3-nitrotyrosine, a stable product of peroxynitrite 
formation was investigated aster endotoxemia (4 mg /kg at 6h). Measurement 
of asymmetric dimethylarginine and L-arginine were accomplished by high 
pressure liquid chromatography with fluorescent detector. 3-nitrotyrosine 
was quantified by high pressure liquid chromatography with electrochemical 
detector.
Results
Aster administration of endotoxin asymmetric dimethylarginine and 
L-arginine levels did not change but 3-nitrotyrosine levels statistically 
significantly increased (p<0.05).
Conclusion
 We could not detect any link between asymmetric dimethylarginine and 
peroxynitrite production in the heart tissues aster given endotoxin using 4 
mg / kg dose and at 6 h.

Keywords
Asymmetric dimethylarginine, Endotoxemia, 3-Nitrotyrosine, Heart.

24  | Journal of Clinical and Analytical Medicine

Corresponding Author:  Yasemin Gülcan Kurt, GATA Tıbbi Biyokimya AD, 06010, Etlik, Ankara, Türkiye. 
Phone: +903123043323   Fax: +903123043300       E-mail: ygkurt@gmail.com

DOI: 10.4328/JCAM.215    Received: 01.03.2010       Accepted:  21.04.2010   Printed: 01.05.2011     J Clin Anal Med 2011;2(2):24-6



Asimetrik Dimetilarjinin ve 3-Nitrotirozin / Asymmetric dimethylarginine and 3-Nitrotyrosine

25Journal of Clinical and Analytical Medicine  |  | Journal of Clinical and Analytical Medicine

Asimetrik Dimetilarjinin ve 3-Nitrotirozin / Asymmetric dimethylarginine and 3-Nitrotyrosine

2

Introduction
Overproduction of nitric oxide (NO) has been contributed to tissue 
injury in inflammatory conditions. One mechanism by which NO 
can contribute to tissue injury is by its diffusion–controlled reaction 
with superoxide (O2

-) to produce peroxynitrite (ONOO-), a potent 
oxidant thought to be a key mediator of NO mediated tissue injury in 
a dose–dependent manner in atherosclerosis, congestive heart fail-
ure and other disease states involving inflammatory oxidative stress 
[1-3]. NO is formed from the semi-essential amino acid L-arginine 
by the action of three isoforms of the nitric oxide synthase (nNOS, 
cNOS, iNOS). iNOS produces high amount NO after exposure to 
proinflammatory cytokines [3-5]. ONOO- reacts with the phenolic 
ring of tyrosine to form a stable product, 3 nitrotyrosine (3-NT). 
3-NT has been widely used as a marker for the detection of ONOO- 

formation in vivo [6-8]. Asymmetric dimethylarginine (ADMA) is 
an L-arginine analog that serves an endogenous inhibitor of both 
cNOS and iNOS. ADMA is involved in the pathophysiology of vas-
cular disease and has been demonstrated to be not only a marker of 
endothelial dysfunction, but also a novel cardiovascular risk factor. 
ADMA has been reported competitively inhibit NO elaboration by 
displacing L-arginine from NOS [1, 9, 10]. The levels of ADMA 
and NO are dependent on the prevailing L-arginine concentrations. 
Clinical and experimental evidences have suggested that elevation 
of ADMA can cause a relative L-arginine deficiency, even in the 
presence of normal L-arginine level. In addition to producing NO, 
NOS can catalyze O2- formation in the presence of low L-arginine 
level [1,11]. The role of ADMA and L-arginine levels in the regula-
tion of ONOO- production in the heart after endotoxin administra-
tion has not yet been well explored. The aim of our study was to 
examine the effect of endotoxin administration on the heart levels 
of L-arginine, ADMA and 3-NT and to investigate the relationship 
between ADMA, L-arginine level and peroxynitrite generation in 
guinea pigs.
Material and Methods
Animals and study protocol
Following ethics committee approval, all experi-
ments was performed with 20 male Dunkin Hartley 
guinea pigs weighing 500- 600 g. The animals were 
randomly divided into two groups. Group I (n=10) 
served as a control group and was given only saline 
solution. Group II (n=10) served as an endotoxemia 
group and was administrated intraperitoneally li-
popolysaccharide (LPS) (Escherichia coli LPS sero-
type O111:B4, from sigma 4mg/kg.).

Measurement of ADMA and L-arginine
Measurement of ADMA and L-arginine level were accomplished 
by high pressure liquid chromatography (HPLC) using the method 
described by Momohora, Chen and Azuma et al. [12,13,14]. 300 
mg tissue was homogenized in 3 ml phosphate buffer (pH: 6.5). The 
homogenate was centrifuged at 10000 g for 20 min at 4 0C. Then 
60 mg tricarboxylic acid was added to the 1 ml supernatant and the 
mixture was left in an ice-bath for 10 min. The precipitated protein 
removed by centrifugation at 3000 g. for 15 min. The supernatant 
which was filtered through a 0.2 μm filter was mixed with 100 μL 
of derivatization reagent (prepared by dissolving 10 mg o-phtaldi-
aldehyde in 0.5 ml of methanol, 2 ml 0.4 M borate buffer (pH:10.0) 
and 30 μL of 2-mercaptoethanol) and then injected into the chro-

matographic system. Separation of ADMA and L-arginine levels 
were achieved with 150 x 4 mm I.D. Nova-pak C18 column with a 
particle size of 5 μm (waters, Milipore, Milford MA, USA) using 
50 mM sodium acetate (pH:6.8), methanol and tetrahydrofurane as 
mobile phase (A, 82:17:1; B, 22:77:1) at flow rate 1.0 ml/min. The 
areas of peaks detected fluorescent detector (Ex: 338 nm; Em: 425) 
were used for quantification ADMA and L-arginine levels in heart. 
The analytical variability of the method was less then 7%, and the 
detection limit of the assay was 0.1 μM.
Measurement of Tyrosine Nitration
Tissue homogenenates were prepared according to the method de-
scribed by Kamisaki et al [15]. Briefly, 0.5 g heart tissue was ho-
mogenized in 1.5 ml of 50 mM potassium phosphate buffer (pH: 
7.2) and then centrifuged for 5 min at 600 g. Following the acid 
hydrolysation of the precipitate, it was evaporated under nitrogen. 
After 1 ml distilled water adding, 10 μL of sample was applied to 
HPLC. All samples were analysed by HPLC with ECD using the 
method described by Maruyama et al [16]. For 3-NT detection a 
Macrotech C-18 analytical column (50 x 1 mm) was used with 
50 mM phosphoric acid / 50 mM citric acid / %5 (v/v) methanol 
(pH:3.1) as the mobile phase. Applied potentials were -850 mV for 
the reduction and 600 mV for the oxidation detection cell. 
Statistical analysis
Results were expressed as mean ± standard deviation (SD). Statisti-
cal analyses were performed using a software program (SPSS 11.5 
for Windows, Chicago, IL, USA). The nonparametric Mann–Whit-
ney U test was used to analyse the significance of the difference 
between control and experimental groups. For tests of significance 
a p value of less than 0.05 was considered to be significant. 
Results
Endotoxin administration did not change levels of ADMA in heart 
tissues compared to the control group. After endotoxemia levels of 
L-arginine in heart tissues were reduced but were not statistically 
significant. 3-NT levels in the heart tissues significantly increased 
(p < 0.05) after endotoxin given. The levels of ADMA, L–Arginine 

and 3-NT in heart tissues are shown in Table 1.
Discussion
Recent studies suggested that exposure animal hearts or cardiac 
myocytes to bacterial endotoxin (LPS) or proinflammatory cytok-
ines enhanced NO level [2, 4, 6, 17]. In cells NO arises from the 
enzymatic oxidation (by NO synthase) of guanidino nitrogen of one 
terminal of L-arginine. ONOO- is reaction product formed by the 
interaction between NO and O2- and it has also been implicated 
as a toxic mediator in the pathophysiology of endotoxemia in ath-
erosclerosis [1, 2]. ONOO- reacts with tyrosine to form, a stable 
product, 3-NT [3, 6]. ADMA, a naturally occurring analog of L-
arginine, competitively inhibits NO production by NOS. L-arginine 
is an important substrate for both NO and ADMA production. A link 
between ADMA and inflammation has been demonstrated in the 

Table 1. The levels of ADMA, L–Arginine and 3-NT in heart tissues. 
ADMA L-Arginine 3-NT
(μmol /g tissue) (nmol /g tissue) (nmol / g tissue)

Control group 0.46 ± 0.0061 37.2 ± 6.8 0.94 ± 0.21
Endotoxin group 0.48 ± 0.094 33.5 ± 4.3 1.24 ± 0.17*

Results were expressed as mean ± standard deviation (SD) 
* p <0.05
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prediction of cardiovascular events [18]. We examined the relation-
ship between ONOO- production and levels of ADMA, L-arginine 
in heart tissues after endotoxin administration. The present study 
for the first time demonstrated increased 3-NT level in endotoxemic 
heart tissues, but concurrent with unchanged ADMA production. In 
addition to this study provides evidence for decreased L-arginine 
level but no significant. In a previously our study we found elevated 
plasma ADMA levels in same animals with endotoxemia, as well 
as decreased L-arginine levels and declined the ratio of Larginine/ 
ADMA, but NO levels did not change [19]. In contrast to the plas-
ma, in this study, levels of ADMA and L-arginine in heart tissues 
did not change. But after endotoxemia in the heart tissues of same 
animals, ONOO- production was high. It may be dependent on the 
mechanism found in the heart exposed to LPS. Our results may 
be consistent with previous observation. Investigators have dem-
onstrated that the 3-NT levels were increased in LPS-treated hearts 
(4 mg/kg). The other investigators examined the cytotoxic effect of 

iNOS-generated NO in cultured cardiac myocytes treated with LPS. 
They showed that the cytokines caused nitrotyrosine formation in 
the injured myocytes [2-4]. In our study, while the levels of 3-NT 
in animal heart tissues increased with endotoxemia, ADMA and 
L-arginine levels decreased but this decrease was not significant. 
There was no correlation between ADMA, L-arginine and 3-NT. 
These results were in agreement with previous observations in vitro 
that ADMA preferentially inhibited cNOS isoform, while having 
minimal effect on NO production by iNOS [1]. In the other in vivo 
study, it has been reported that E. coli mediated endotoxemia de-
creases the plasma arginine level but ADMA did not change [19]. 
Ueda et al. demonstrated exogenous administration of NO donors 
dose-dependently increased NO synthesis in the cultured media but 
had no effect on ADMA and L-arginine levels [20]. In conclusion 
we could not find a link between ADMA, L-arginine concentrations 
and ONOO- production in the heart after endotoxin administration. 
More researches may be needed to elucidate these results using dif-
ferent dose and time after LPS administration. 

1. Wells SM, Holian A. Asymmetric dimethylarginine 
induces oxidative and nitrosative stress in murine lung 
epithelial cells. Am J Respir Cell. 2007;36:520-8.
2. Usui, M.; Matsuoka, H.; Miyazaki, H.; Ueda, S.; Okuda, 
S.; Imaizumi, T. Increased endogenous nitric oxide 
synthase inhibitor in patients with congestive heart 
failure. Life Sci. 1998;62:2425-30.
3. Keira N, Tatsumi T, Matoba S, Shiraishi J, Yamanaka 
S, Akashi K. et al. Lethal effect of cytokine induced 
nitric oxide and peroxynitrite on cultured rat cardiac 
myocytes. J Mol Cell Cardiol. 2002;34(5):583-96.
4. Khadour FH, Panas D, Ferdinandy P, Schulze C, Csont 
T, Lalu MM, et al. Enhanced NO and superoxide gen-
eration in dysfunctional hearts from endotoxemic rats. 
Am J Physiol Heart Circ Physiol. 2002;283(3]:H1108-
15.
5. Yin GQ, Du KH, Gu FR, Fang ZX, Tang JQ, Zhong B, 
et al. Early-phase endotoxic shock-induced myocardial 
injury increases iNOS and selectin expression in ma-
caque primate. Heart Lung Circ. 2007;16(2):85-92.
6. Iqbal M, Cohen RI, Marzouk K, Liu SF. Time course of 
nitric oxide, peroxynitrite, and antioxidants in the en-

dotoxemic heart. Crit Care Med. 2002;30(6):1291-6.
7. Cimen B, Turkozkan N, Unlu A, Erbil MK. Effects 
of melatonin on 3-nitrotyrosine formation and en-
ergy charge ratio in guinea pig kidney in LPS-induced 
stress. Cell Biochem Funct. 2005;23(4):273-7.
8. Seven I, Turkozkan N, Cimen B. The effects of nitric 
oxide synthesis on the Na+,K(+)- ATPase activity in 
guinea pig kidney exposed to lipopolysaccharides. Mol 
Cell Biochem. 2005;271(1-2):107-12.
9. Chan JR, Böger RH, Bode-Böger SM, Tangphao O, 
Tsao P. S, Blaschke TF, et al. Asymmetric dimethylargi-
nine increase mononuclear adhesiveness hypercho-
lesterolemic humans. Arterioscler Thromb Vasc Biol. 
2000;20(4):1040-6.
10. Nijveldt RJ, Siroen MP, Teerlink T, van Lambalgen 
AA, Rauwerda JA, van Leeuwen PA. Gut and liver han-
dling of asymmetric and symmetric dimethylarginine 
in the rat under basal conditions and during endotox-
emia. Liver Int. 2004;24 (5): 510-8.
11. Jia YX, Pan CS, Yang JH, Liu XH, Yuan WJ, Zhao J, et 
al. Altered L- arginine/nitric oxide synthase/nitric oxide 
pathway in the vascular adventitia of rats with sepsis. 

Clin Exp Pharmacol Physiol. 2006;33(12):1202-8.
12. Momohara Y, Sakamoto S, Obayashi S, Aso T, Goto 
M, Azuma H. Roles of endogenous nitric oxide synthase 
inhibitors and endothelin-1 for regulating myometrial 
contractions during gestation in the rat. Mol Hum Re-
prod. 2004;10(7):505-12.
13. Chen BM, Xia LW, Zhao RQ. Determination of 
N(G),N(G)-dimethylarginine in human plasma by high-
performance liquid chromatography. J Chromatogr B 
Biomed Sci Appl. 1997;692(2): 467-71.
14. Azuma H, Masuda H, Sato J, Niwa K, Tokoro T. A 
possible role of endogenous inhibitor for nitric oxide 
synthesis in the bovine ciliary muscle. Exp Eye Res. 
1997;64(5):823-30.
15. Kamisaki Y, Wada K, Nakamoto K, Kishimoto Y, 
Kitano M, Itoh T. Sensitive determination of nitroty-
rosine in human plasma by isocratic high-performance 
liquid chromatography. J Chromatogr B Biomed Appl. 
1996;685(2):343-7.
16. Maruyama W, Hashizume Y, Matsubara K, Naoi M. 
Identification of 3-nitro-Ltyrosine, a product of nitric 
oxide and superoxide, as an indicator of oxidative 

stress in the human brain. J Chromatogr B Biomed 
App. 1996;676(1):153-8.
17. Matsushita A, Iwase M, Kato Y, Ichihara S, Ichihara 
G, Kimata H, et al. Differential cardiovascular effects of 
endotoxin derived from Escherichia coli or Pseudomo-
nas aeruginosa. Exp Anim. 2007;56(5):339-48.
18. Zoccali C, Benedetto FA, Maas R, Mallamaci F, Trip-
epi G, Malatino LS, et al. Asymmetric dimethylarginine, 
C-reactive protein, and carotid intima-media thick-
ness in end-stage renal disease. J Am Soc Nephrol. 
2002;13(2):490-6.
19. Balabanli B, Erdamar H, Turkozkan N, Yaman 
H, Kurt Y. Effect of taurine on endotoxin-induced al-
terations in plasma asymmetric dimethylarginine, 
L-arginine and nitric oxide in guinea pigs. J Thromb 
Thrombolysis. 2007;24(1):53-7.
20. Ueda S, Kato S, Matsuoka H, Kimoto M, Okuda S, 
Morimatsu M, et al. Regulation of cytokine-induced 
nitric oxide synthesis by asymmetric dimethylarginine: 
role of dimethylarginine dimethylaminohydrolase. Circ 
Res. 2003;92(2):226-33.

References


